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Abstract
The independent helicity amplitudes in the Λb → Λℓ+ℓ− decay in the standard
model and its minimal extension, i.e., with the new vector type interactions, are
calculated. We calculate various asymmetry parameters characterizing the angular
dependence of the differential decay width for the cascade decay Λb → Λ(→ a +
b)V ∗(→ ℓ+ℓ−) with polarized and unpolarized heavy baryons. The sensitivity of the
asymmetry parameters to the new Wilson coefficients are analyzed.
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1 Introduction
Rare B–decays induced by the flavor–changing neutral current (FCNC) b → s or b → d
transitions occur at loop level in the standard model (SM), since FCNC transitions that
are forbidden in the SM at tree level provide consistency check of the SM at quantum level.
These decays induced by the FCNC are also very promising tools for establishing new
physics beyond the SM. New physics appear in rare decays through the Wilson coefficients
which can take values different from their SM counterpart or through the new operator
structures in an effective Hamiltonian (see for example [1]–[13]).
Among the hadronic, leptonic and semileptonic decays, the last decay channels are very
significant, since they are theoretically, more or less, clean, and they have relatively larger
branching ratio. The semileptonic decay channels is described by the b → s(d)ℓ+ℓ− tran-
sition and they contain many observables like forward–backward asymmetry AFB, lepton
polarization asymmetries, etc. Existence of these observables is very useful and serve as
a testing ground for the SM and in looking for new physics beyond th SM. For this rea-
son, many processes, like B → π(ρ)ℓ+ℓ− [14], B → ℓ+ℓ−γ [15], B → Kℓ+ℓ− [16] and
B → K∗ℓ+ℓ− [17–24] have been studied comprehensively.
Recently, BELLE and BaBar Collaborations announced the following results for the
branching ratios of the B → K∗ℓ+ℓ− and B → Kℓ+ℓ− decays:
B(B → K∗ℓ+ℓ−) =


(
11.5+2.6−2.4 ± 0.8± 0.2
)
× 10−7 [25] ,
(
0.78+0.19−0.17 ± 0.12
)
× 10−6 [26] ,
B(B → Kℓ+ℓ−) =


(
4.8+1.0−0.9 ± 0.3± 0.1
)
× 10−7 [25] ,
(0.34± 0.07± 0.12)× 10−6 [26] .
Another exclusive decay which is described at inclusive level by the b→ sℓ+ℓ− transition is
the baryonic Λb → Λℓ+ℓ− decay. Unlike mesonic decays, the baryonic decays could maintain
the helicity structure of the effective Hamiltonian for the b → s transition [27]. Radiative
and semileptonic decays of Λb such as Λb → Λγ, Λb → Λcℓν¯ℓ, Λb → Λℓ+ℓ− (ℓ = e, µ, τ)
and Λb → Λνν¯ have been extensively studied in the literature [28–33]. More details about
heavy baryons, including the experimental prospects, can be found in [34, 35].
Many experimentally measurable quantities such as branching ratio [36], Λ polarization
and single– and double–lepton polarizations have already been studied in [37, 38] and [39],
respectively. Analysis of such quantities can be useful for more precise determination of
the SM parameters and in looking for new physics beyond the SM.
In the present work we analyze the possibility of searching for new physics in the bary-
onic Λb → Λℓ+ℓ− decay by studying different asymmetry parameters that characterize the
angular dependence of the angular decay distributions, with the inclusion of non–standard
vector type of interactions. In our analysis we use the helicity amplitude formalism and
polarization density matrix method (see the first and third references in [28]) to analyze
the joint decay distributions in this decay.
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The paper is organized as follows. In section 2, using the Hamiltonian that includes
non–standard vector interactions, the matrix element for the Λb → Λℓ+ℓ− is obtained. In
section 3 we calculate the different polarization asymmetries. In the final section we study
the sensitivity of various asymmetries to the non–standard interactions.
2 Matrix element for the Λb → Λℓ+ℓ− decay
In this section we derive the matrix element for the Λb → Λℓ+ℓ− decay which is de-
scribed by the b → sℓ+ℓ− transition at quark level. Neglecting the terms proportional
to VubV
∗
us/VtbV
∗
ts ∼ O(10−2), the matrix element for the b→ sℓ+ℓ− decay can be written in
terms of the twelve model independent four–Fermi interactions as [18]
M = Gα√
2π
VtbV
∗
ts
{
CSLs¯Riσµν
qν
q2
bLℓ¯γ
µℓ+ CBRs¯Liσµν
qν
q2
bRℓ¯γ
µℓ + CtotLLs¯LγµbLℓ¯Lγ
µℓL
+ CtotLRs¯LγµbLℓ¯Rγ
µℓR + CRLs¯RγµbRℓ¯Lγ
µℓL + CRRs¯RγµbRℓ¯Rγ
µℓR
+ CLRLRs¯LbRℓ¯LℓR + CRLLRs¯RbLℓ¯LℓR + CLRRLs¯LbRℓ¯RℓL + CRLRLs¯RbLℓ¯RℓL
+ CT s¯σµνbℓ¯σ
µνℓ+ iCTEǫµναβ s¯σ
µνbℓ¯σαβℓ
}
, (1)
where q = PΛb − PΛ = p1 + p2 is the momentum transfer and CX are the coefficients of
the four–Fermi interactions, L = (1 − γ5)/2 and R = (1 + γ5)/2. The terms with coef-
ficients CSL and CBR describe the penguin contributions, which correspond to −2msCeff7
and −2mbCeff7 in the SM, respectively. The next four terms in Eq. (1) with coefficients
CtotLL, C
tot
LR, CRL and CRR describe vector type interactions, two (C
tot
LL and C
tot
LR) of which
contain SM contributions in the form Ceff9 − C10 and Ceff9 − C10, respectively. Thus, CtotLL
and CtotLR can be written as
CtotLL = C
eff
9 − C10 + CLL ,
CtotLR = C
eff
9 + C10 + CLR , (2)
where CLL and CLR describe the contributions of new physics. Additionally, Eq. (1)
contains four scalar type interactions (CLRLR, CRLLR, CLRRL and CRLRL), and two tensor
type interactions (CT and CTE). In the present work we will consider the minimal extension
of the SM and therefore we neglect the scalar and tensor type interactions throughout in
this work.
The amplitude of the exclusive Λb → Λℓ+ℓ− decay is obtained by calculating the ma-
trix element of Heff for the b → sℓ+ℓ− transition between initial and final baryon states
〈Λ |Heff |Λb〉. It follows from Eq. (1) that the matrix elements
〈Λ |s¯γµ(1∓ γ5)b|Λb〉 ,
〈Λ |s¯σµν(1∓ γ5)b|Λb〉 ,
are needed in order to calculate the Λb → Λℓ+ℓ− decay amplitude.
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These matrix elements parametrized in terms of the form factors are as follows (see
[37, 40])
〈Λ |s¯γµb|Λb〉 = u¯Λ
[
f1γµ + if2σµνq
ν + f3qµ
]
uΛb , (3)
〈Λ |s¯γµγ5b|Λb〉 = u¯Λ
[
g1γµγ5 + ig2σµνγ5q
ν + g3qµγ5
]
uΛb , (4)
〈Λ |s¯σµνb|Λb〉 = u¯Λ
[
fTσµν − ifVT (γµqν − γνqµ)− ifST (Pµqν − Pνqµ)
]
uΛb , (5)
〈Λ |s¯σµνγ5b|Λb〉 = u¯Λ
[
gTσµν − igVT (γµqν − γνqµ)− igST (Pµqν − Pνqµ)
]
γ5uΛb , (6)
where P = pΛb + pΛ and q = pΛb − pΛ.
The form factors of the magnetic dipole operators are defined as
〈Λ |s¯iσµνqνb|Λb〉 = u¯Λ
[
fT1 γµ + if
T
2 σµνq
ν + fT3 qµ
]
uΛb ,
〈Λ |s¯iσµνγ5qνb|Λb〉 = u¯Λ
[
gT1 γµγ5 + ig
T
2 σµνγ5q
ν + gT3 qµγ5
]
uΛb . (7)
Using the identity
σµνγ5 = − i
2
ǫµναβσ
αβ ,
and Eq. (5), the last expression in Eq. (7) can be written as
〈Λ |s¯iσµνγ5qνb|Λb〉 = u¯Λ
[
fT iσµνγ5q
ν
]
uΛb .
Multiplying (5) and (6) by iqν and comparing with (7), one can easily obtain the following
relations between the form factors
fT2 = fT + f
S
T q
2 ,
fT1 =
[
fVT + f
S
T (mΛb +mΛ)
]
q2 = − q
2
mΛb −mΛ
fT3 ,
gT2 = gT + g
S
T q
2 , (8)
gT1 =
[
gVT − gST (mΛb −mΛ)
]
q2 =
q2
mΛb +mΛ
gT3 .
Using these definitions of the form factors, for the matrix element of the Λb → Λℓ+ℓ−
we get [37, 38]
M = Gα
4
√
2π
VtbV
∗
ts
1
2
{
ℓ¯γµ(1− γ5)ℓ u¯Λ
[
(A1 −D1)γµ(1 + γ5) + (B1 − E1)γµ(1− γ5)
+ iσµνq
ν
(
(A2 −D2)(1 + γ5) + (B2 − E2)(1− γ5)
)]
uΛb
+ ℓ¯γµ(1 + γ5)ℓ u¯Λ
[
(A1 +D1)γµ(1 + γ5) + (B1 + E1)γµ(1− γ5)
+ iσµνq
ν
(
(A2 +D2)(1 + γ5) + (B2 + E2)(1− γ5)
)
+ qµ
(
(A3 +D3)(1 + γ5) + (B3 +D2)(1− γ5)
)]
uΛb
}
, (9)
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where
A1 =
1
q2
(
fT1 − gT1
)
CSL +
1
q2
(
fT1 + g
T
1
)
CBR +
1
2
(f1 − g1)
(
CtotLL + C
tot
LR
)
+
1
2
(f1 + g1) (CRL + CRR) ,
A2 = A1 (1→ 2) ,
A3 = A1 (1→ 3) ,
B1 = A1
(
g1 → −g1; gT1 → −gT1
)
,
B2 = B1 (1→ 2) ,
B3 = B1 (1→ 3) ,
D1 =
1
2
(CRR − CRL) (f1 + g1) + 1
2
(
CtotLR − CtotLL
)
(f1 − g1) ,
D2 = D1 (1→ 2) , (10)
D3 = D1 (1→ 3) ,
E1 = D1 (g1 → −g1) ,
E2 = E1 (1→ 2) ,
E3 = E1 (1→ 3) .
From these expressions it follows that Λb → Λℓ+ℓ− decay is described in terms of many
form factors. It is shown in [41] that Heavy Quark Effective Theory reduces the number
of independent form factors to two (F1 and F2) irrelevant of the Dirac structure of the
corresponding operators, i.e.,
〈Λ(pΛ) |s¯Γb|Λ(pΛb)〉 = u¯Λ
[
F1(q
2)+ 6vF2(q2)
]
ΓuΛb , (11)
where Γ is an arbitrary Dirac structure and vµ = pµΛb/mΛb is the four–velocity of Λb.
Comparing the general form of the form factors given in Eqs. (4)–(8) with (11), one can
easily obtain the following relations among them (see also [37, 38, 40])
g1 = f1 = f
T
2 = g
T
2 = F1 +
√
rˆΛF2 ,
g2 = f2 = g3 = f3 = g
V
T = f
V
T =
F2
mΛb
,
gST = f
S
T = 0 ,
gT1 = f
T
1 =
F2
mΛb
q2 ,
gT3 =
F2
mΛb
(mΛb +mΛ) ,
fT3 = −
F2
mΛb
(mΛb −mΛ) , (12)
where rˆΛ = m
2
Λ/m
2
Λb
.
In order to obtain the helicity amplitudes for the Λb → Λℓ+ℓ− decay, it is convenient
to regard this decay as a quasi two–body decay Λb → ΛV ∗ followed by the leptonic decay
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V ∗ → ℓ+ℓ−, where V ∗ is the off–shell γ or Z bosons. The matrix element of Λb → Λℓ+ℓ−
decay can be written in the following form:
Mλℓλ¯ℓλi =
∑
λV ∗
ηλV ∗L
λℓλ¯ℓ
λV ∗
HλiλV ∗ ,
where
Lλℓλ¯ℓλV ∗ = ε
µ
V ∗
〈
ℓ−(pℓ, λℓ) ℓ
+(pℓ, λ¯ℓ)
∣∣∣J ℓµ∣∣∣ 0〉 , (13)
HλiλV ∗ = (ε
µ
V ∗)
∗
〈
Λ(pΛ, λΛ)
∣∣∣J iµ∣∣∣Λb(pΛb)〉 , (14)
where εµV ∗ is the polarization vector of the virtual intermediate vector boson. The metric
tensor can be expressed in terms of the polarization vector of the virtual vector particle
εV = ε(λV ) as
−gµν = ∑
λV ∗
ηλV ∗ε
µ
λV ∗
ε∗νλV ∗ ,
where the summation is over the helicity of the virtual vector particle V, ΛV = ±1, 0, t
with the metric η± = η0 = −ηt = 1, where λV = t is the scalar (zero) helicity component
of the virtual V particle (for more details see [42, 43] and first and third references in [28]).
The upper indices in Eqs. (13) and (14) correspond to the helicities of the leptons and the
lower ones correspond to the helicity of the Λ baryon. Moreover, J ℓµ and J
i
µ in Eqs. (13)
and (14) are the leptonic and hadronic currents, respectively.
In the calculations of the leptonic and baryonic amplitudes we will use two different
frames. The leptonic amplitude Lλℓλ¯ℓλV ∗ is calculated in the rest frame of the virtual vector
boson wit the z–axis chosen along the Λ direction and the x–z plane chosen as the virtual
V decay plane. The hadronic amplitude is calculated in the rest frame of Λb baryon.
Using Eqs. (9)–(14), after lengthy calculations, we get for the helicity amplitudes:
M+++1/2 = 2mℓ sin θ
(
H
(1)
+1/2,+1 +H
(2)
+1/2,+1
)
+ 2mℓ cos θ
(
H
(1)
+1/2,0 +H
(2)
+1/2,0
)
+ 2mℓ
(
H
(1)
+1/2,t −H(2)+1/2,t
)
,
M+−+1/2 = −
√
q2(1− cos θ)
[
(1− v)H(1)+1/2,+1 + (1 + v)H(2)+1/2,+1
]
−
√
q2 sin θ
[
(1− v)H(1)+1/2,0
+ (1 + v)H
(2)
+1/2,0
]
,
M−++1/2 =
√
q2(1 + cos θ)
[
(1 + v)H
(1)
+1/2,+1 + (1− v)H(2)+1/2,+1
]
−
√
q2 sin θ
[
(1 + v)H
(1)
+1/2,0
+ (1− v)H(2)+1/2,0
]
,
M−−+1/2 = −2mℓ sin θ
(
H
(1)
+1/2,+1 +H
(2)
+1/2,+1
)
− 2mℓ cos θ
(
H
(1)
+1/2,0 +H
(2)
+1/2,0
)
+ 2mℓ
(
H
(1)
+1/2,t −H(2)+1/2,t
)
,
M++−1/2 = −2mℓ sin θ
(
H
(1)
−1/2,−1 +H
(2)
−1/2,−1
)
+ 2mℓ cos θ
(
H
(1)
−1/2,0 +H
(2)
−1/2,0
)
+ 2mℓ
(
H
(1)
−1/2,t −H(2)−1/2,t
)
,
M+−−1/2 = −
√
q2(1 + cos θ)
[
(1− v)H(1)−1/2,−1 + (1 + v)H(2)−1/2,−1
]
−
√
q2 sin θ
[
(1− v)H(1)−1/2,0
5
+ (1 + v)H
(2)
−1/2,0
]
,
M−+−1/2 =
√
q2(1− cos θ)
[
(1 + v)H
(1)
−1/2,−1 + (1− v)H(2)−1/2,−1
]
−
√
q2 sin θ
[
(1 + v)H
(1)
−1/2,0
+ (1− v)H(2)−1/2,0
]
,
M−−−1/2 = 2mℓ sin θ
(
H
(1)
−1/2,−1 +H
(2)
−1/2,−1
)
− 2mℓ cos θ
(
H
(1)
−1/2,0 +H
(2)
−1/2,0
)
+ 2mℓ
(
H
(1)
−1/2,t −H(2)−1/2,t
)
, (15)
where
H
(1)
±1/2,±1 = H
(1)V
1/2,1 ±H(1)A1/2,1 ,
H
(2)
±1/2,±1 = H
(2)V
1/2,1 ±H(2)A1/2,1 ,
H
(1,2)
±1/2,0 = H
(1,2)V
1/2,0 ±H(1,2)A1/2,1 ,
H
(1,2)
±1/2,t = H
(1,2)V
1/2,t ±H(1,2)A1/2,t , (16)
where θ is the angle of the positron in the rest frame of the intermediate boson with respect
to its helicity axes. Explicit expressions of the helicity amplitudes HV,Aλ,λW are
H
(1)V
1/2,1 = −
√
Q−
[
F V1 − (mΛb +mΛ)F V2
]
,
H
(1)A
1/2,1 = −
√
Q+
[
FA1 + (mΛb −mΛ)FA2
]
,
H
(2)V
1/2,1 = H
(1)V
1/2,1(F
V
1 → F V3 , F V2 → F V4 ) ,
H
(2)A
1/2,1 = H
(1)A
1/2,1(F
A
1 → FA3 , FA2 → FA4 ) ,
H
(1)V
1/2,0 = −
1√
q2
{√
Q−
[
(mΛb +mΛ)F
V
1 − q2F V2
]}
,
H
(1)A
1/2,0 = −
1√
q2
{√
Q+
[
(mΛb −mΛ)FA1 + q2FA2
]}
,
H
(2)V
1/2,0 = H
(1)V
1/2,0(F
V
1 → F V3 , F V2 → F V4 ) ,
H
(2)A
1/2,0 = H
(1)A
1/2,0(F
A
1 → FA3 , FA2 → FA4 ) ,
H
(1)V
1/2,t = −
1√
q2
{√
Q+
[
(mΛb −mΛ)F V1 + q2F V5
]}
,
H
(1)A
1/2,t = −
1√
q2
{√
Q−
[
(mΛb +mΛ)F
A
1 − q2FA5
]}
,
H
(2)V
1/2,t = H
(1)V
1/2,t (F
V
1 → F V3 , F V5 → F V6 ) ,
H
(2)A
1/2,t = H
(1)A
1/2,t (F
A
1 → FA3 , FA5 → FA6 ) , (17)
where
Q+ = (mΛb +mΛ)
2 − q2 ,
Q− = (mΛb −mΛ)2 − q2 ,
6
and
F V1 = A1 −D1 +B1 −E1 ,
FA1 = A1 −D1 − B1 + E1 ,
F V2 = F
V
1 (1→ 2) ,
FA2 = F
A
1 (1→ 2) ,
F V3 = A1 +D1 +B1 + E1 ,
FA3 = A1 +D1 − B1 −E1 ,
F V4 = F
V
3 (1→ 2) ,
FA4 = F
A
3 (1→ 2) ,
F V5 = F
V
1 (1→ 3) ,
FA5 = F
A
1 (1→ 3) ,
F V6 = F
V
3 (1→ 3) ,
FA6 = F
A
3 (1→ 3) . (18)
The remaining helicity amplitudes can be obtained from the parity relations
H
V,(A)
−λ,−λW
= +(−)HV,(A)λ,λW . (19)
The square of the matrix element for the Λb → Λℓ+ℓ− decay is given as
|M|2 =
∣∣∣M+++1/2
∣∣∣2 + ∣∣∣M+−+1/2
∣∣∣2 + ∣∣∣M−++1/2
∣∣∣2 + ∣∣∣M−−+1/2
∣∣∣2
+
∣∣∣M++−1/2
∣∣∣2 + ∣∣∣M+−−1/2
∣∣∣2 + ∣∣∣M−+−1/2
∣∣∣2 + ∣∣∣M−−−1/2
∣∣∣2 . (20)
Following the standard methods used in literature (see the third reference in [28]), the
normalized joint angular decay distribution for the two cascade decay
Λ
1/2+
b → Λ1/2
+
(
→ a(1/2+) + b(0−)
)
+ V (→ ℓ+ℓ−) ,
can be written as
dΓ
dq2dcos θ dcos θΛ
=
∣∣∣∣∣ Gα4√2πVtbV ∗ts
1
2
∣∣∣∣∣
2
√
λ(m2Λb, m
2
Λ, q
2)
√
λ(m2Λ, m
2
a, m
2
b)
1024π3m3Λbm
2
Λ
vB(Λb → a+ b) |M|2 ,
(21)
where the polar angle θΛ is the angle of the a(1/2
+) momentum in the rest frame of the
Λ baryon. Note that in this expression we perform integration over the azimuthal angle ϕ
between the planes of the two decays Λ → a + b and V → ℓ+ℓ−. Our final result for the
differential decay width is
dΓ
dq2dcos θ dcos θΛ
=
∣∣∣∣∣ Gα4√2πVtbV ∗ts
1
2
∣∣∣∣∣
2
√
λ(m2Λb , m
2
Λ, q
2)
√
λ(m2Λ, m
2
a, m
2
b)
1024π3m3Λbm
2
Λ
vB(Λ→ a+ b)
{
(1 + αΛ cos θΛ)
[(
8m2ℓ sin
2 θ
∣∣∣A+1/2,+1∣∣∣2 + (1− cos θ)2q2 ∣∣∣A+1/2,+1 − vB+1/2,+1∣∣∣2
7
+(1 + cos θ)2q2
∣∣∣A+1/2,+1 + vB+1/2,+1∣∣∣2 )+ 8m2ℓ cos2 θ ∣∣∣A+1/2,0∣∣∣2 + 8m2ℓ ∣∣∣B+1/2,t∣∣∣2
+ sin2 θq2
(
2
∣∣∣A+1/2,0∣∣∣2 + 2v2 ∣∣∣B+1/2,0∣∣∣2 )
]
+(1− αΛ cos θΛ)
[(
8m2ℓ sin
2 θ
∣∣∣A−1/2,−1∣∣∣2 + (1 + cos θ)q2 ∣∣∣A−1/2,−1 − vB−1/2,−1∣∣∣2
+(1− cos θ)2q2
∣∣∣A−1/2,−1 + vB−1/2,−1∣∣∣2 )+ 8m2ℓ cos2 θ
∣∣∣A−1/2,0∣∣∣2 + 8m2ℓ
∣∣∣B−1/2,t∣∣∣2
+ sin2 θq2
(
2
∣∣∣A−1/2,0∣∣∣2 + 2v2 ∣∣∣B−1/2,0∣∣∣2 )
]}
. (22)
In Eq. (22) we induce the following definitions:
H
(1)
λi,λW
+H
(2)
λi,λW
= Aλi,λW
H
(1)
λi,λW
−H(2)λi,λW = Bλi,λW . (23)
One can easily see that in addition to the variables that exist in Eq. (22), there appears
a new variable θΛ and integration of Eq. (22) over it gives the differential decay width for
the Λb → Λℓ+ℓ− decay.
It is well known that heavy quarks b(c) resulting from Z decay are polarized. It is shown
in [44, 45] that a sizeable fraction of the b quark polarization retained in fragmentation of
heavy quarks to heavy baryons. Therefore, an additional set of polarization observables
can be obtained if the polarization of the heavy Λb baryon is taken into account.
In order to take polarization of the Λb baryon into consideration we will use the density
matrix method. The spin density matrix of Λ baryon is
ρ =
1
2

 1 + P cos θ
S
Λ P cos θSΛ
P cos θSΛ 1− P cos θSΛ

 , (24)
where P is the polarization of Λb, and θSΛ is the angle that the polarization of Λb makes
with the momentum of Λ, in the rest frame of Λb.
The four–fold decay distribution can easily be obtained from Eq. (22). Obviously, there
appears on the left–hand side of Eq. (22) the distribution over θSΛ, i.e., d/d cos θ
S
Λ. Hence
the right–hand side of the same equation can be modified as follows:
|+1/2,+1|2 → (1− P cos θSΛ) |+1/2,+1|2 ,{
|+1/2, t|2 , |+1/2, 0|2 , (+1/2, t)(+1/2, 0)∗
}
→ (1 + P cos θSΛ)
{
|+1/2, t|2 , |+1/2, 0|2 ,
(+1/2, t)(+1/2, 0)∗
}
,{
(+1/2,+1)(+1/2, t)∗, (+1/2,+1)(+1/2, 0)∗
}
→ P sin θSΛ
{
(+1/2,+1)(+1/2, t)∗,
(+1/2, 1)(+1/2, 0)∗
}
,
|−1/2,−1|2 → (1 + P cos θSΛ) |−1/2,−1|2 ,{
|−1/2, t|2 , |−1/2, 0|2 , (−1/2, t)(−1/2, 0)∗
}
→ (1− P cos θSΛ)
{
|−1/2, t|2 , |−1/2, 0|2 ,
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(−1/2, t)(−1/2, 0)∗
}
,{
(−1/2,−1)(−1/2, t)∗, (−1/2,−1)(−1/2, 0)∗
}
→ P sin θSΛ
{
(−1/2,−1)(−1/2, t)∗,
(−1/2,−1)(−1/2, 0)∗
}
. (25)
It follows from Eqs. (22) and (24) that the cascade decay Λb → Λ(→ a+ b) V ∗(→ ℓ+ℓ−)
has a rich angular structure. Therefore, study of different distributions will prove useful
in separating various angular coefficients in the experiments. For this reason, instead of
analyzing the full four–fold angular distributions, one can investigate the individual angular
distributions and their relations to the newWilson coefficients. Foe example, the polar angle
θΛ distribution of the cascade decay Λ→ a+b can be obtained from Eq. (22) by performing
integration over θ, as a result of which takes the form
dΓ
dq2 d cos θΛ
∼ 1 + ααΛ cos θΛ , (26)
where the asymmetry parameter α is defined as
α =
8
3∆
{
4m2ℓ
∣∣∣A+1/2,+1∣∣∣2 + 2q2( ∣∣∣A+1/2,+1∣∣∣2 + v2 ∣∣∣B+1/2,+1∣∣∣2 )
+ 2m2ℓ
∣∣∣A+1/2,0∣∣∣2 + 6m2ℓ ∣∣∣B+1/2,t∣∣∣2 + q2( ∣∣∣A+1/2,0∣∣∣2 + v2 ∣∣∣B+1/2,0∣∣∣2 )
− 4m2ℓ
∣∣∣A−1/2,−1∣∣∣2 − 2q2( ∣∣∣A−1/2,−1∣∣∣2 + v2 ∣∣∣B−1/2,−1∣∣∣2 )
− q2(
∣∣∣A−1/2,0∣∣∣2 + v2 ∣∣∣B−1/2,0∣∣∣2 )− 2m2ℓ ∣∣∣A−1/2,0∣∣∣2 − 6m2ℓ ∣∣∣B−1/2,t∣∣∣2 } , (27)
where
∆ =
8
3
{
4m2ℓ
∣∣∣A+1/2,+1∣∣∣2 + 2q2( ∣∣∣A+1/2,+1∣∣∣2 + v2 ∣∣∣B+1/2,+1∣∣∣2 )
+ 2m2ℓ
∣∣∣A+1/2,0∣∣∣2 + 6m2ℓ ∣∣∣B+1/2,t∣∣∣2 + q2( ∣∣∣A+1/2,0∣∣∣2 + v2 ∣∣∣B+1/2,0∣∣∣2 )
+ 4m2ℓ
∣∣∣A−1/2,−1∣∣∣2 + 2q2( ∣∣∣A−1/2,−1∣∣∣2 + v2 ∣∣∣B−1/2,−1∣∣∣2 )
+ q2(
∣∣∣A−1/2,0∣∣∣2 + v2 ∣∣∣B−1/2,0∣∣∣2 )+ 2m2ℓ
∣∣∣A−1/2,0∣∣∣2 + 6m2ℓ
∣∣∣B−1/2,t∣∣∣2 } . (28)
For the polar angle distribution in the cascade decay V ∗ → ℓ+ℓ− we integrate Eq. (22)
over θΛand we get
dΓ
dq2 d cos θ
∼ 1 + 2αθ cos θ + βθ cos2 θ , (29)
where
αθ =
1
∆1
2vq2Re
[
A+1/2,+1B
∗
+1/2,+1 − A−1/2,−1B∗−1/2,−1
]
, (30)
βθ =
1
∆1
{
− 4m2ℓ
∣∣∣A+1/2,+1∣∣∣2 + q2( ∣∣∣A+1/2,+1∣∣∣2 + v2 ∣∣∣B+1/2,+1∣∣∣2 )
+ 4m2ℓ
∣∣∣A+1/2,0∣∣∣2 − q2( ∣∣∣A+1/2,0∣∣∣2 + v2 ∣∣∣B+1/2,0∣∣∣2 )
− 4m2ℓ
∣∣∣A−1/2,−1∣∣∣2 + q2( ∣∣∣A−1/2,−1∣∣∣2 + v2 ∣∣∣B−1/2,−1∣∣∣2 )
+ 4m2ℓ
∣∣∣A−1/2,0∣∣∣2 − q2( ∣∣∣A−1/2,0∣∣∣2 + v2 ∣∣∣B−1/2,0∣∣∣2 )} , (31)
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and
∆1 = 4m
2
ℓ
∣∣∣A+1/2,+1∣∣∣2 + q2( ∣∣∣A+1/2,+1∣∣∣2 + v2 ∣∣∣B+1/2,+1∣∣∣2 )
+ 4m2ℓ
∣∣∣B+1/2,t∣∣∣2 + q2( ∣∣∣A+1/2,0∣∣∣2 + v2 ∣∣∣B+1/2,0∣∣∣2 )
+ 4m2ℓ
∣∣∣A−1/2,−1∣∣∣2 + q2( ∣∣∣A−1/2,−1∣∣∣2 + v2 ∣∣∣B−1/2,−1∣∣∣2 )
+ 4m2ℓ
∣∣∣B−1/2,t∣∣∣2 + q2( ∣∣∣A−1/2,0∣∣∣2 + v2 ∣∣∣B−1/2,0∣∣∣2 ) , (32)
If the polarization of the initial Λb is considered, a new symmetry parameter, which
depends on θSΛ appears. Performing integrations over θΛ and θ, we get
dΓ
dq2 dcos θSΛ
∼ 1− αΛSP cos θSΛ , (33)
where
αΛS =
8
3∆
{
4m2ℓ
∣∣∣A+1/2,+1∣∣∣2 + 2q2( ∣∣∣A+1/2,+1∣∣∣2 + v2 ∣∣∣B+1/2,+1∣∣∣2 )
− 2m2ℓ
∣∣∣A+1/2,0∣∣∣2 − q2( ∣∣∣A+1/2,0∣∣∣2 + v2 ∣∣∣B+1/2,0∣∣∣2 )− 6m2ℓ ∣∣∣B+1/2,t∣∣∣2
− 4m2ℓ
∣∣∣A−1/2,−1∣∣∣2 − 2q2( ∣∣∣A−1/2,−1∣∣∣2 + v2 ∣∣∣B−1/2,−1∣∣∣2 )
+ 2m2ℓ
∣∣∣A−1/2,0∣∣∣2 + q2( ∣∣∣A−1/2,0∣∣∣2 + v2 ∣∣∣B−1/2,0∣∣∣2 )+ 6m2ℓ
∣∣∣B−1/2,t∣∣∣2
}
, (34)
where ∆ is given in Eq. (28).
3 Numerical analysis
In this section we present our numerical results for the asymmetry parameters αθ, αθΛ, αθSΛ
and β. The values of the input parameters we use in our calculations are: |VtbV ∗ts| = 0.0385,
mτ = 1.77 GeV , mµ = 0.106 GeV . mb = 4.8 GeV . For the Wilson coefficients we use their
SM values which are given as: CSM7 = −0.313, CSM9 = 4.344 and CSM10 = −4.669. In further
numerical analysis, the values of the new Wilson coefficients which describe new physics
beyond the SM are needed. The Wilson coefficients CBR and CSL are strictly constrained
from b→ sγ decay. The SM prediction on the branching ratio for the b→ sγ decay coincide,
practically, with experimental result and there seems to be no noticeable deviation between
them. Therefore we can fix the values of CBR and CSL by substituting their SM values,
i.e., CBR = −2mbCeff7 , CSL = −2msCeff7 , where Ceff7 = −0.313. Furthermore some of
the Wilson coefficients describing vector interactions are restricted strongly by the present
experimental data on branching ratios for the B → Kℓ+ℓ− and B → K∗ℓ+ℓ− decays [25, 26].
Using the experimental result on branching ratios for the above–mentioned decays, we
obtain the following restrictions on CLL and CRL: −2 ≤ CLL ≤ 0, and 0 ≤ CRL ≤ 2.3. The
remaining Wilson are all varied in the region −
∣∣∣CSM10 ∣∣∣ ≤ CX ≤ + ∣∣∣CSM10 ∣∣∣. The upper bound
on branching ratio of Bs → µ+µ− [46] suggests that this is the right order of magnitude for
the vector interaction coefficients.
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Few words about the Wilson coefficients Ceff9 are in order. Note thatM(b→ sℓ+ℓ−) for
the b → sℓ+ℓ− decay, although being a free quark decay amplitude, contains certain long
distance effects from matrix elements of the four quark operators 〈ℓ+ℓ−s |Oi| b〉 (explicit
form of the operators O1–O6 can be found in [47, 48]) which are usually combined with the
coefficient C9 in an ”effective” Wilson coefficient. For this reason, in exclusive decays one
can define Ceff9 as
Ceff9 (mb, sˆ) = C9(mb)
[
1 +
αs(µ)
π
ω(sˆ)
]
+ YSD(mb, sˆ) , (35)
where YSD corresponds to the above–mentioned four quark operator matrix elements, and
w(sˆ) represents O(α∫ ) corrections coming from one–gluon exchange in the matrix elements
of the corresponding operator, whose explicit form can be found in [47]. The perturbative
calculation leads to the following result for YSD(sˆ, mb):
YSD(mb, sˆ) = g (mˆc, sˆ)C
(0) − 1
2
g (1, sˆ) [4C3 + 4C4 + 3C5 + C6]
− 1
2
g (0, sˆ) [C3 + 3C4] +
2
9
[3C3 + C4 + 3C5 + C6] ,
where
C(0) = 3C1 + C2 + 3C3 + C4 + 3C5 + C6 ,
and the function g(mq, s) stands for the loops of quarks with mass mq at the dilepton
invariant mass s. This function develops absorptive parts for dilepton energies s = 4m2q :
g (mˆq, sˆ) = −8
9
ln mˆq +
8
27
+
4
9
yq − 2
9
(2 + yq)
√
|1− yq|
×
[
Θ(1− yq)
(
ln
1 +
√
1− yq
1−√1− yq − iπ
)
+Θ(yq − 1) 2 arctan 1√
yq − 1
]
,
where mˆq = mq/mb and yq = 4mˆ
2
q/sˆ
In addition to these perturbative contributions C9 also receives long distance contribu-
tions coming from the production of c¯c resonances at intermediate states. Their contribu-
tions are represented by YLD, which has the form:
YLD(sˆ) =
3
α2
C(0)
∑
Vi=ψ(1s),···,ψ(6s)
πκiΓ (Vi → ℓ+ℓ−)MVi(
M2Vi − sˆm2b − iMViΓVi
) , (36)
where κi are the Fudge factors (see for example [7]). In regard to the absorptive parts that
Ceff9 develops, no new fermions are introduced, and hence no new sources for the additional
absorptive parts in the Wilson coefficients occur. For this reason we will assume that all
new Wilson coefficients are real.
From the expressions of asymmetries it follows that the form factors are the main and the
most important input parameters necessary in the numerical calculations. The calculation
of the form factors of Λb → Λ transition does not exist at present. But, we can use the
results from QCD sum rules in corporation with HQET [41, 49]. We noted earlier that,
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HQET allows us to establish relations among the form factors and reduces the number of
independent form factors into two. In [41, 49], the q2 dependence of these form factors are
given as follows
F (sˆ) =
F (0)
1− aF sˆ+ bF sˆ2
.
The values of the parameters F (0), aF and bF are given in table 1.
F (0) aF bF
F1 0.462 −0.0182 −0.000176
F2 −0.077 −0.0685 0.00146
Table 1: Form factors for Λb → Λℓ+ℓ− decay in a three parameter fit.
In order to have an idea about the sensitivity of our results to the specific parametriza-
tion of the two form factors predicted by the QCD sum rules in corporation with the HQET,
we also have used another parametrization of the form factors based on the pole model and
compared the results of both models. The dipole form of the form factors predicted by the
pole model are given as:
F1,2(EΛ) = N1,2
(
ΛQCD
ΛQCD + EΛ
)2
,
where
EΛ =
m2Λb −m2Λ − q2
2mΛb
,
and ΛQCD = 0.2, |N1| = 52.32 and |N1| ≃ −0.25N1 [50].
From the explicit expressions of the asymmetry parameters we see that they depend
on the new Wilson coefficients and q2. Therefore there might appear some difficulty in
studying the dependence of the physical quantities on both variables in the experiments.
For this reason we will study the dependence of the asymmetry parameters on q2 at fixed
values of the new Wilson coefficients.
In Fig. (1) we present the dependence of α on q2 for the Λb → Λµ+µ− decay at five
fixed values of CRR. We observe from this figure that at all values of CRR the magnitude of
α is smaller compared to the SM case for the whole range of q2. The dependence of α on
q2 is not presented for the Wilson coefficients CLL and CLR, since our numerical analysis
yields that α is not sensitive the presence of CLL and CLR, and it coincides with the SM
result at all values of q2.
In Fig. (2) we depict the dependence of α on q2 for the Λb → Λµ+µ− decay, at fixed
values of CRL. From this figure we see that, up to q
2 = 18 GeV 2 the magnitude of α is
smaller compared to the SM prediction at CRL = 2, but for q
2 > 18 GeV 2 the contribution
of CRL = 2 is exceeds that of the contribution of CRL = 0 (i.e., SM case). In other words,
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investigation of α on q2 in different kinematical regions of q2 can give valuable information
not only about the existence of the new physics, but also about the sign of the new Wilson
coefficient CRL.
The study of the dependence of α on q2 at fixed values of the new Wilson coefficients
for the Λb → Λτ+τ− decay leads to the following results:
• The dependence of the asymmetry parameter α on q2 is not sensitive to the presence of
CLL and CLR, and practically there seems to be no departure from the SM prediction.
• The situation drastically changes in the presence of Wilson coefficients CRL and CRR.
When CRR (CRL) = 4(2), up to the range q
2 = 18 GeV 2, the value of α is two times
smaller (as modulo) compared to that SM prediction; and when CRR (CRL) = −4(2)
the departure from from the SM result is about 50% (30%) . Therefore measurement
of the asymmetry parameter α at different values of q2 can give useful hint about the
existence of CRL and CRR.
Next, we analyze the dependence of αθ and βθ for the Λb → Λµ+µ− decay. Our results
can be summarized as follows:
• The zero of position of αθ is shifted to the right (left) (see Figs. (3) and (4)) when
CLL is negative (CLR is positive). The essential point here is that, similar to the
B → K∗ℓ+ℓ− decay, the zero of position of αθ is independent of the long distance
effects and determined solely by short distance dynamics only.
• The zero of position of αθ is practically independent of CRR and CRL.
Therefore, determination of zero position of αθ can serve as a good tool for establishing
the new physics beyond the SM, as well as the sign of new Wilson coefficients, which is
controlled by the short distance physics only.
Moreover, the present analysis shows that βθ is sensitive to the existence of the vector
interactions CLL in the region 1 GeV
2 ≤ q2 ≤ 3 GeV 2, and CLR in the region 1 GeV 2 ≤
q2 ≤ 8 GeV 2. Therefore an investigation on the asymmetry parameter βθ can give useful
information about the existence of the vector interaction realized by the Wilson coefficients
CLL and CLR. βθ is not sensitive to the remaining two vector interactions CRL and CRR for
the Λb → Λµ+µ− decay.
From the analysis of the dependence of αθ and βθ on q
2 for the Λb → Λτ+τ− decay we
get:
• αθ shows strong dependence on all Wilson coefficients.
• The dependence of βθ on q2 is similar to the SM case and at all values of all new
Wilson coefficients the sign of βθ is the same as in the SM case. Far from the resonance
regions, it is strongly dependent on CLR. For example, at CLR = ±4, the departure
from the SM result is about 50% larger when 14 GeV 2 ≤ q2 ≤ 16 GeV 2 (see Fig.
(5)).
• At positive (negative) values of CLR, the magnitude of βθ is smaller (larger) compared
to that of SM prediction.
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Finally, let us discuss the dependence of the asymmetry parameter αΛS on q
2 at fixed
values of CX . In the Λb → Λµ+µ− decay, αΛS is more sensitive to all vector interactions in
the kinematical region 1 GeV 2 ≤ q2 ≤ 5 GeV 2 (see Figs. (6) and (7), respectively).
For the Λb → Λτ+τ− decay αΛS is sensitive to all type of vector interactions (see Figs.
(8)–(11)), and it exhibits different behavior in its dependence on the newWilson coefficients.
The dependence of αΛS on the Wilson coefficients CLR is similar to its dependence on
CLL. In the same region of q
2 when CLR = ±4, αΛS is two times smaller compared to that of
the SM result. Note that near the end of the spectrum, i.e., 17.6 GeV 2 ≤ q2 ≤ 19.6 GeV 2,
αΛS changes its sign when CLR = +4 (see Fig. (9)). For all other type of vector interactions,
the asymmetry parameter αΛS does not change its sign.
Therefore determination of the values of αΛS in experiments can serve as an efficient
tool for establishing the existence of the new type of vector interactions and also their signs.
In conclusion, in the present work we calculate the helicity amplitudes in the Λb →
Λℓ+ℓ− decay in the framework of the minimal extension of the standard model with the
inclusion of the new vector interactions. We analyze various asymmetry parameters of the
Λb → Λ(→ a + b) V ∗(→ ℓ+ℓ−) decay with polarized and unpolarized heavy baryons and
study their dependence on q2 at fixed values of the new vector type interaction Wilson
coefficients. We considered different asymmetry parameters and obtain that they exhibit
strong dependence on different new Wilson coefficients. Therefore measurement of the dif-
ferent asymmetry parameters, namely, α, αθ, βθ and αΛS , can give conformative informative
about the existence of the new physics beyond the SM.
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Figure captions
Fig. (1) The dependence of the asymmetry parameter α on q2 for the Λb → Λµ+µ− decay,
at five different fixed values of the vector type Wilson coefficient CRR.
Fig. (2) The same as in Fig. (1), but for the coefficient CRL.
Fig. (3) The dependence of the asymmetry parameter αθ on q
2 for the Λb → Λµ+µ−
decay, at five different fixed values of the vector type Wilson coefficient CLL.
Fig. (4) The same as in Fig. (3), but for the coefficient CLR.
Fig. (5) The dependence of the asymmetry parameter βθ on q
2 for the Λb → Λτ+τ−
decay, at five different fixed values of the vector type Wilson coefficient CLR.
Fig. (6) The dependence of the asymmetry parameter αΛS on q
2 for the Λb → Λµ+µ−
decay, at five different fixed values of the vector type Wilson coefficient CLL.
Fig. (7) The same as in Fig. (6), but for the coefficient CRL.
Fig. (8) The same as in Fig. (6), but for Λb → Λτ+τ− decay.
Fig. (9) The same as in Fig. (8), but for the coefficient CLR.
Fig. (10) The same as in Fig. (8), but for the coefficient CRL.
Fig. (11) The same as in Fig. (8), but for the coefficient CRR.
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